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(54) Large deformation apparatus, the deformation method and the deformed metallic materials 

(57) The present invention relates to a large defor- 
mation apparatus for metal-based materials that com- 
prises a mold A, a support mechanism B for supporting 
the mold A, and a rotary mechanism C for rotating the 
mold A, wherein the mold A comprises a mold body 1 , 
four holes 2 that pass through the mold body 1 and 
intersect in its interior, and engagement means 3a for 
engaging the rotary mechanism C, each hole 2 being 
provided with a punch 5 that can slide or otherwise -*> 
move with friction in relation to the hole 2 and that * 
extends from the end face of the mold body 1 to the 
intersection of the holes 2; the support mechanism B 
comprises restraint plates 6a, 6b, and 6c for restraining 
the external end faces of the mold body 1 having holes 
2, and holding plates 7a and 7b for holding the mold 
body 1; and the rotary mechanism C comprises 
engagement means 3b for engaging the engagement 
means 3a, rotary means 8, connection means 9 for con- 
necting the engagement means 3b and the rotary 
means 8, and to a method for applying large deforma- 
tion to a metal-based material with the aid of the appa- 
ratus, and further to a metal-based material subjected 
to large deformation by the method. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The present invention relates to a large 
deformation technique for metal-based materials, and 
more particularly to a large deformation apparatus for 
reducing the crystal grain size of plastically deformable 
materials, and preferably metal-based materials and 
metal-based composite materials, by continuously sub- 
jecting the materials to large deformation without 
removing these materials from the mold; to a deforma- 
tion method therefor; and to a material which is sub- 
jected to such continuous large deformation and in 
which the crystal particles of the matrix are reduced to a 
grain size of 1 0 jim or less. 

2. Description of the Related Art 

[0002] It is generally well known that reducing the 
crystal grain size of a poly crystalline material is effective 
for improving the strength and ductility of this material. 
In conventional practice, therefore, the crystal grains of 
plastically deformable materials typified by metal-based 
materials are destructed and recrystallized to achieve a 
smaller crystal grain size by performing plastic working 
based on extrusion or rolling at a high temperature 
above the recrystallization temperature. The work mate- 
rials are limited in their post-work shape to a wire-rod 
shape in the case of extrusion, and to a thin-sheet 
shape in the case of rolling, and these shape limitations 
impose restrictions on the post-work applications of 
these materials. 

[0003] By contrast, Equal-Channel Angular Press- 
ing (ECPA) is a method in which a work material is sub- 
jected to shear deformation at a temperature below the 
melting point of the material by being passed through a 
curved hole obtained by curving the middle portion of a 
through hole at a given angle. In this work method, the 
material can be subjected to large plastic deformation 
with minimal changes in the external shape of the mate- 
rial before and after working, making it possible to 
reduce the size of the crystals constituting the work 
material. An example of this method is the process 
described in the report by Horita et al. (Materia Japan, 
Vol. 37, 767-774 (1998)), particularly one shown in the 
appended drawings. 

[0004] As described in detail with reference to the 
aforementioned drawings, this work method is one in 
which the work material is passed through a curved 
hole, but a single passage is insufficient for reducing the 
size of the crystals constituting the material, so large 
deformation must be repeated at least several times, 
and usually ten or more times. In other words, the work 
material usually must be passed through the curved 
hole after being heated to the working temperature. 



Consequently, the work material must be repeatedly 
taken out of the mold outlet and inserted into the mold 
inlet after passing through the curved hole, and hence 
must be heated to the working temperature after being 
5 inserted into the mold because the temperature of the 
work material inevitably decreases when the material is 
taken out of the mold. 

[0005] A resulting drawback is that complicated pro- 
cedures must be performed to control the temperature 

io of the work material and that thermal energy commen- 
surate with the reduction in the temperature of the work 
material must be provided for each work cycle, resulting 
in a process that is economically disadvantageous and 
that is time-consuming and inefficient because of the 

is need to wait for the temperature to reach the working 
level. In addition, the work material is exposed to the 
atmosphere, undergoing oxidation (which depends on 
the composition of the material) and creating a burn 
hazard for the workers. 

20 [0006] An urgent need therefore existed for an 
apparatus and method that would allow a work material 
retained inside a mold provided with a curved hole to be 
continuously subjected to the aforementioned high plas- 
tic deformation without being taken out of the mold to 

25 repeatedly perform the aforementioned high plastic 
deformation. 

[0007] According to another method of applying 
large deformation, materials are shaped as wire rods or 
thin pieces by being repeatedly inserted into and taken 

30 out of variable-diameter continuous holes in accord- 
ance with mechanical alloying techniques (Aizawa et 
al., Kinzoku (Metal), Vol. 65 (1995), 1155-1161). Since 
mechanical alloying involves processing powder sam- 
ples, not only it is different from the large deformation 

35 method of the present invention in its nature, but there is 
a risk that cracks will form on the surface of the material 
as it moves from a smaller hole to a larger hole, and 
because only a small amount of processing energy is 
applied to the unprocessed material, several hundred 

40 work cycles (depending on the material) need to be per- 
formed, resulting in an extremely time-consuming and 
inefficient process. 

[0008] According to another method, a material is 
subjected to large deformation by being alternately 

45 pushed in and drawn in the vertical and horizontal direc- 
tions (Fujita et al., Kinzoku (Metal), Vol. 65 (1995), 
1143-1154), but this method is similar to the above- 
described Aizawa technique in that it involves perform- 
ing mechanical alloying. In addition, this method is com- 

50 pletely unsuitable for processing bulk materials because 
it necessitates splitting the work material in two in the 
axial direction. This method thus cannot be used as a 
means for solving the above-described problems, and 
an urgent need for finding such a means still remains. 

55 [0009] Studies have been conducted concerning 
the extent of large deformation in work materials during 
their ECPA processing in holes having bending angles 
of about 120 degrees and 90 degrees, and it was found 
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that an angle of 90 degrees provides greater deforma- 
tion. 

[0010] With the foregoing in view and as a result of 
repeated and painstaking research conducted with con- 
sideration for the above-described prior art and aimed 5 
at developing a method for applying large deformation 
and continuously working a material in a mold without 
taking this material out of the mold, the inventors per- 
fected the present invention upon discovering that using 
an apparatus configured as described below allows 10 
large deformation to be continuously applied to a mate- 
rial without reintroducing the material into the mold. 
[0011] An object of the present invention is to pro- 
vide a large deformation apparatus for a metal-based 
material that allows materials subjected to large defor- 15 
mation to be continuously subjected to large deforma- 
tion inside a mold without being taken out of the mold; to 
provide a work method therefor; and to provide a mate- 
rial whose crystal grains can be reduced in size by the 
application of such large deformation. 20 

SUMMARY OF THE INVENTION 

[0012] The present invention provides a large defor- 
mation apparatus, a large deformation method, and a 25 
metal-based large deformation material. 
[0013] The present invention relates to a large 
deformation apparatus for metal-based materials that 
comprises a mold A, a support mechanism B for sup- 
porting the mold A, and a rotary mechanism C for rotat- 30 
ing the mold A. The mold A comprises a mold body 1, 
four holes 2 that pass through the mold body 1 and 
intersect in its interior, and engagement means 3a for 
engaging the rotary mechanism C. Each hole 2 is pro- 
vided with a punch 5 that can slide or otherwise move 35 
with friction in relation to the hole 2 and that extends 
from the end face of the mold body 1 to the intersection 
of the holes 2. The support mechanism B comprises 
restraint plates 6a, 6b, and 6c for restraining the exter- 
nal end faces of the mold body 1 haying holes 2, and 40 
holding plates 7a and 7b for holding the mold body 1 . 
The rotary mechanism C comprises engagement 
means 3b for engaging the engagement means 3a, 
rotary means 8, connection means 9 for connecting the 
engagement means 3b and the rotary means 8. The 45 
invention: also relates to a method for applying large 
deformation to a metal-based material with the aid of 
the above-described apparatus, and to a metal-based 
material subjected to large deformation by means of the 
above-described large deformation method. so 
[0014] The present invention allows large deforma- 
tion to be applied continuously, safely, efficiently, and 
productively, yielding materials that possess superplas- 
tic characteristics while preserving their initial shape. 

55 

DESCRIPTION OF THE INVENTION 

[0015] Aimed at addressing the above-described 
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problems, the present invention comprises the following 
technical means. 

(1) A large deformation apparatus for metal-based 
materials, comprising a mold A, a support mecha- 
nism B for supporting said mold A, and a rotary 
mechanism C for rotating said mold A, wherein: 

said mold A comprises a mold body 1, four 
holes 2 that pass through said mold body 1 and 
intersect in the interior thereof, and engage- 
ment means 3a for engaging said rotary mech- 
anism C, each of said holes 2 being provided 
with a punch 5 that can slide or otherwise move 
with friction in relation to each of said holes 2 
and that extends from the end face of said mold 
body 1 to the intersection of said holes 2; 
said support mechanism B comprises restraint 
plates 6a, 6b, and 6c for restraining the exter- 
nal end faces of the mold body 1 having holes 
2, and holding plates 7a and 7b for holding the 
mold body 1 ; and 

said rotary mechanism C comprises engage- 
ment means 3b for engaging said engagement 
means 3a, rotary means 8, connection means 
9 for connecting said engagement means 3b 
and said rotary means 8. 

(2) A large deformation apparatus as defined in (1) 
above, comprising a pushup mechanism 10 for 
pushing up the mold A. 

(3) A method for applying large deformation to a 
metal-based material with the aid of a large defor- 
mation apparatus as defined in (1) above by com- 
bining a large deformation step and a rotational 
step, wherein: 

a large deformation step comprises a step of 
bending a metal-based work material 1 1 inside 
intersecting holes and applying large deforma- 
tion by pushing in an indenting punch 5 that 
can be pushed in and that is one of said 
punches 5, and slidably or frictionally moving 
an unrestrained punch 5 in the unrestrained 
state in accordance with the extent to which 
said indenting punch 5 has been pushed in; 
a rotational step comprises a step in which said 
mold A is rotated 90 degrees by said rotary 
mechanism C, said indenting punch 5 is 
restrained and made into a restrained punch 5, 
said unrestrained punch is made into an 
indenting punch 5, and one of said restrained 
punches 5 is made into an unrestrained punch 
5; and said large deformation step and rotation 
step are repeated alternately to repeatedly and 
continuously perform large deformation. 

(4) A metal-based large deformation material, 
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which is subjected to large deformation by a 
method as defined in (3) above, wherein the crystal 
particles of the matrix constituting the metal-based 
material prior to the application of large deformation 
have a grain size of 1 0041m or greater, and the crys- 
tal particles of the matrix constituting the metal- 
based material subjected to large deformation have 
a grain size of 10ujn or less. 
(5) A metal-based large deformation material as 
defined in (4) above, wherein said metal-based 
material is an aluminum-based alloy, an aluminum- 
based alloy composite material in which a reinforce- 
ment is dispersed, or a titanium alloy. 

[0016] The present invention will now be described 
in further detail. 

[0017] The apparatus of the present invention 
developed by the inventors in order to address the 
aforementioned problems is a large deformation appa- 
ratus comprising a mold A, a support mechanism B for 
supporting the mold A, and a rotary mechanism C for 
rotating the mold A, wherein the mold A comprises a 
mold body 1 , holes 2 that pass through the mold body 1 
and intersect in its interior, and engagement means 3a 
for engaging the rotary mechanism C such that each 
hole 2 is provided with a punch 5 that can slide or other- 
wise move with friction in relation to the hole 2 and that 
extends from the end face of the mold body 1 to the 
intersection of the holes 2; 

the support mechanism B comprises restraint 
plates 6a, 6b, and 6c for restraining the external 
end faces of the mold body 1 having holes 2, and 
holding plates 7a and 7b for holding the mold body 
1; and 

the rotary mechanism C comprises engagement 
means 3b for engaging the engagement means 3a, 
and rotary means 8, and preferably a pushup 
mechanism 1 0 for pushing up the mold A. 

[0018] In addition, the method of the present inven- 
tion is a method for applying large deformation to mate- 
rials with the aid of the above-described apparatus by 
combining a large deformation step and a rotational 
step, wherein: 

the large deformation step comprises a step of 
bending a metal-based work material 1 1 inside the 
intersecting holes and applying large deformation 
by pushing In an indenting punch 5 that can be 
pushed in and that is one of the aforementioned 
punches 5, and slidably or frictionally moving an 
unrestrained punch 5 in the unrestrained state in 
accordance with the extent to which the indenting 
punch has been pushed in; 

the rotational step comprises a step of rotating the 
mold A 90 degrees by the rotary mechanism C, 
whereby the indenting punch 5 is made into a 



restrained punch 5, the aforementioned unre- 
strained punch is made into an indenting pundh 5, 
and one at the aforementioned restrained punches 
5 is made into an unrestrained punch 5; and 
5 said large deformation step and rotation step are 

repeated alternately to repeatedly and continuously 
perform the large deformation. 

[0019] According to the present large deformation 

10 apparatus and large deformation method, the large 
deformation material 11 inside the apparatus can be 
subjected to large deformation and bent in the holes 
intersecting inside the mold body 1 by pushing in the 
aforementioned indenting punch 5 and slidably or fric- 

75 tionally moving an unrestrained punch 5 in accordance 
with the extent to which the indenting punch 5 has been 
pushed in. The indenting punch 5 becomes a restrained 
punch 5, the unrestrained punch 5 becomes an indent- 
ing punch 5, and one of the restrained punches 5 

20 becomes an unrestrained punch 5 as a result of the fact 
that the indenting punch 5 is pushed in to the same 
height as the external end face of the mold body 1 hav- 
ing the holes 2, the mold A is then pushed up by the 
aforementioned pushup mechanism 10 (as shown in 

25 Fig. 3), and the mold A is rotated 90 degrees by the 
rotary mechanism C. In this step, therefore, the punch 
serving as a new indenting punch 5 can be pushed in, 
allowing the work material 11 to be continuously sub- 
jected to large deformation inside the mold body 1 with- 

30 out being taken out, and the work material 11 to be 
worked by a continuous large deformation method. 
[0020] The height of the engagement means 3a 
varies during such rotation because the distance 
between the center of the mold body 1 and an external 

35 end face having a hole 2 is different from the distance 
between the center of the mold body and an external 
end face 4 devoid of a hole 2, but the rotary mechanism 
C can be equipped with a mechanism in which the con- 
nection means 9 or the stand for supporting the connec- 

40 tion means 9 is provided with a slot, and the connection 
means 9 or the stand is slid in the vertical direction 
along this slot, making it possible to smoothly rotate the 
mold body without encountering any problems. 
[0021] The mold body 1 can thus be advanced to 

45 the next working step merely by being rotated 90 
degrees, dispensing with the need to take out the work- 
piece each time, to reheat the workpiece, or to spend 
any energy or time for such reheating. Large deforma- 
tion can thus be applied economically, efficiently, safely, 

50 and continuously. 

[0022] When, for example, an aluminum-based 
alloy material which had the dendrite structure with a 
very large crystal grain size (several hundred microme- 
ters) because the material had been manufactured by 

55 casting was worked using the present large deformation 
apparatus and large deformation method, the crystal 
grain size was reduced to between 5 and 10 u.m after 
performing only ten cycles at a working temperature of 
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350 to 450 °C. The material was subjected to tensile 
tests at a temperature of 450°C and a strain rate of 6 x 
10" 4 to 1.2 x 10" 2 , and it was found that the m-value, 
which is an important indicator of superplastic charac- 
teristics, was about 0.2, and the total elongation was 
about 120%. It was thus learned that even castings that 
could not be expected to initially have superplasticity 
because of their dendritic structure could be made into 
superplasticity-demonstrating materials by using the 
large deformation apparatus of the present invention to 
continuously apply large deformation no more than 
about ten times in accordance with the large deforma- 
tion method of the present invention. 
[0023] A preferred example of the present invention 
will now be described in detail with reference to draw- 
ings. As shown in Figs. 4 and 5, punches 5 of equal 
length are inserted into holes 2 that have equal cross- 
sectional areas and form a cross-shaped through hole 2 
in the mold body 1 . Of the four holes 2, the punches 5 in 
contact with the restraint plates 6a and 6b are 
restrained, while the other two punches remain in an 
unrestrained state, with one of the two indenting 
punches 5 removed. 

[0024] When a large deformation metal-based 
material 11 is inserted in this state as a work material 
into the hole 2 to be plugged by an indenting punch 5, 
the indenting punch 5 is inserted into this hole 2, and 
the indenting punch 5 is pressed from above and 
pushed in, the large deformation material 1 1 is extruded 
in the direction of the unrestricted punch 5. In the proc- 
ess, the large deformation material 11 undergoes 
strong shear deformation in the intersecting hole. The 
pushing-in of the indenting punch 5 is stopped when the 
indenting punch 5 has been pushed in to the same 
height as the external end face of the mold body 1. In 
the preferred example described below, the restraint 
plate 6a is provided with a pushup mechanism 10 for 
pushing up the mold A, the mold A is pushed up by the 
pushup mechanism 10 in the manner shown in Fig. 3, 
the rotary mechanism C causes the engagement 
means 3b of the rotary mechanism C to engage the 
engagement means 3a of the mold body 1 designed to 
engage the rotary mechanism C, the mold A is rotated 
90 degrees by the rotary mechanism C, the pushup 
mechanism 10 is retracted, and the mold A is returned 
to its original position, whereupon the indenting punch 5 
and the restrained punch 5 come into contact with the 
restraint plates 6b and 6a, respectively, as shown in Fig. 
5c. The indenting punch 5 assumes an unrestrained 
state, and the unrestrained punch 5 assumes a state in 
which it can be pushed in. 

[0025] A state identical to that in Fig. 5a can thus be 
reproduced merely by changing the condition of each 
punch in 90-degree increments. By repeating these 
steps, strong shear deformation can be imparted in a 
constantly repeating pattern to the large deformation 
material in required amounts and without any limita- 
tions. Another distinctive feature is that shear deforma- 



tion can be applied highly efficiently because the 
curving direction can be reversed and large deformation 
intermittently applied in 180-degree increments to the 
large deformation material. It is therefore possible to 

5 obtain a large deformation material composed of 
ultrafine crystal grains merely by repeating the above- 
described procedure the aforementioned required 
number of times without any limitations being imposed. 
The procedure is commonly repeated about ten times 

70 but no more than about 20 times. 

[0026] Although the above description was given 
with reference to rotation in a single direction, it is 
apparent that an identical effect can be obtained using a 
mechanism that is a mirror image of the above- 

is described mechanism in terms of arrangement and 
sequence, and that involves rotating the mold A in the 
reverse direction in relation to the one described above. 
[0027] For the sake of convenience, the mold body 
1 was described as having an octagonal external 

20 shape, but it is more preferable for the external end 
faces 4 devoid of holes 2 to describe an arc about the 
aforementioned intersecting holes because in this case 
the above-described rotation can be performed more 
smoothly. 

25 [0028] As is also shown in Figs. 6 and 7, selecting a 
thick disk for the external shape of the mold body 1 dis- 
penses with the need for the above-described pushup 
mechanism 1 0 and pushup step, making it possible to 
achieve large deformation with higher efficiency. 

30 [0029] It is apparent in this case that pins 12, 
wedges, or other stop mechanism should be provided in 
order to stop the holes at prescribed positions. 
[0030] Large deformation materials can thus be 
continuously subjected to large deformation in bulk form 

35 without being taken out of the mold or shaped as thin 
pieces or thin wires. Dynamic or static recovery and 
recrystallization can therefore be combined, and the 
crystal grains of the large deformation materials can be 
reduced in size. 

40 [0031] Structural elements of the present invention 
will now be described in further detail. 

Mold Body 

45 [0032] The mold material can be selected in a vari- 
ety of ways in accordance with the service temperature 
of the material, or the type of work material used. An 
SKD material, and preferably SKD61, should be used 
when the work material is a low-melting aluminum- 

so based metal. MDCK is preferred when the work material 
is a copper alloy or a titanium-based material. 
[0033] A polygonal cross section was used in order 
to simplify the external shape of the mold, but the cor- 
ners of the mold should be removed as much as possi- 

55 ble to yield a near-circular shape, as described above. 
[0034] The cross-sectional shape of the holes may 
be determined in accordance with the required shape of 
the finished workpiece. The shape is commonly circular, 
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but may also be quadrilateral or other polygonal as 
needed 

Punches 

[0035] Similar to the mold material, the punch 
material can be selected in a variety of ways in accord- 
ance with the service temperature of the material or the 
type of work material used. An SKD material, and pref- 
erably SKD61, should be used when the work material 
is a low-melting aluminum-based metal. MDCK is pre- 
ferred when the work material is a copper alloy or a tita- 
nium-based material. 

[0036] The external shape of the punches can be 
determined in accordance with the required shape of 
the finished workpiece, and should conform to the 
shape of the mold. The shape is commonly circular, but 
may also be quadrilateral or other polygonal as needed. 
Depending on the type of work material, the large defor- 
mation temperature, and the like, a variety of conditions 
can be selected for the clearance between the punches 
and the mold holes. 

[0037] A clearance of 0.1 to 0.3 \im is commonly 
preferred in view of workpiece seizing, biting, and the 
like. 

Support Mechanism 

[0038] The support mechanism should have some 
beat resistance because it is commonly exposed 
together with the mold body to working temperatures. 

Rotary Mechanism 

[0039] The mechanism is not subject to any limita- 
tions as long as it can provide 90-degree rotation for the 
mold body, the work material, and the punches. 
[0040] A preferred example of such a mechanism is 
one in which a hexagonal protrusion (head of a hexago- 
nal bolt) is provided near the center of rotation of the 
mold body 1 . The mechanism also comprises a hexag- 
onal wrench that fits onto this protrusion, and a stand for 
supporting the wrench. The stand is also provided with 
a sliding mechanism for ensuring vertical movement of 
the engagement means 3b, rotary means 8, and con- 
nection means 9. 

Large Deformation Metal-Based Material 

[0041] The large deformation work material used in 
accordance with the present invention is not subject to 
any substantial limitations in terms of its properties as 
long as it is a plastically deformable material, but is pref- 
erably a relatively low-melting nonferrous metal material 
casting or a nonferrous metal material composite that 
contains dispersed high-hardness particles and that is 
not amenable to aftertreatment. The large deformation 
of the present invention can be applied, for example, to 



♦ * 

magnesium-based alloys, magnesium-based alloys 
containing dispersed reinforcing particles or whiskers, 
aluminum-based alloys, aluminum-based alloy compos- 
ite materials containing dispersed reinforcing particles 
5 or whiskers, titanium-based alloys, and copper alloys. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0042] 

10 

Fig. 1 is an external view of the large deformation 
apparatus, with the holding plates and the rotary 
mechanism C removed. 

Fig. 2 is a side view of the large deformation appa- 

15 ratus. 

Fig. 3 is a side view of the large deformation appa- 
ratus in a state in which the mold A can be rotated 
while pushed up by a pushup mechanism 10. 
Fig. 4 is an external view of the large deformation 

20 apparatus in a state in which the holes in the mold 
body, the metal material subjected to large defor- 
mation, and the punch are depicted, with the hold- 
ing plates and the rotary mechanism C removed. 
Fig. 5 is a cross section schematically depicting the 

25 large deformation steps. 

Fig. 6 is an external view depicting, as a modifica- 
tion of the large deformation apparatus, a mold 
body shaped as a thick disk, with the holding plates 
and the rotary mechanism C removed. 

30 Rg. 7 is a side view of a large deformation appara- 

tus whose mold body is shaped as a thick disk. 
Rg. 8 is a photomicrograph in lieu of drawing 
depicting the microstructure of a metal material 
before and after being subjected to large deforma- 

35 tion ((a): before large deformation, (b): after six 
cycles of large deformation, (c): after ten cycles of 
large deformation, (d): after 20 cycles of large 
deformation). 

40 [0043] In the drawings, A is a mold, B is a support 
mechanism, C is a rotary mechanism, 1 is a mold body, 
2 is a hole, 3a and 3b are engagement means, 4 is an 
external end face without the holes 2, 5 is a punch, 6 is 
a restraint plate, 7 is a holding plate, 8 is rotary means, 

45 9 is connection means, 10 is a pushup mechanism, 11 
is a metal-based large deformation material, and 12 is a 
rotation-stopping pin. 

DESCRIPTION OF THE PREFERRFD EMBODI- 
50 ME NTS 

Example 1 

[0044] The present invention will now be described 
55 in detail on the basis of working examples, but these 
working examples merely represent preferred examples 
of the present invention, and the present invention is in 
no way limited by these working examples. 
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[0045] An AG4C alloy was used as the work mate- 
rial, this was worked using a lathe to a cylindrical shape 
having a diameter of 20 mm and a length of 40 mm, and 
the external surface thereof was coated with a graphite 
lubricant to facilitate extrusion. 5 
[0046] The working temperature was set to 623K, 
673K, and 723K, and the number of work cycles was set 
to 6, 10, and 20. As shown in the photomicrograph in 
lieu of drawing in Fig. 8, the crystal grain size thereof 
was about 1 00 urn, 50 urn, and 5 u.m, respectively. Tests io 
were also conducted at variable elastic stress rate in 
order to measure plastic characteristics at high temper- 
atures. As a result, the m-value, which is a strain rate 
susceptibility index, was found to be 0.21 , as shown in 
Table 1. In other words, near-superplastic characteris- is 
tics were obtained. By contrast, mere 25% total elonga- 
tion was obtained as a result of similar tensile tests in 
which the same starting material was used, but this 
material was not subjected to the deformation applied 
by the large deformation apparatus of the present inven- 20 
tion. 



Table 1 



Strain rate (1/s) 


Elongation (%) 


6 x 1 0' 4 


111 


2.5x10' 3 


79 


6 x 1 0" 3 


126 


1.2 x 10" 2 


96 



Example 2 

35 

[0047] Aluminum alloy composite material 2024 in 
which 27% silicon nitride whiskers were dispersed for 
reinforcement purposes was used as the work material. 
Large deformation was imparted under the same condi- 
tions as in Working Example 1, and high-temperature 40 
tensile tests were performed at 460 to 540 °C. The elon- 
gation shown in Table 2 was obtained, and the m-value 
was 0.34, indicating that superplasticity had been 
achieved. By contrast, mere 2% and 10% total elonga- 
tions were obtained at room temperature and 450 °C, 45 
respectively, as a result of similar tensile tests in which 
the same starting material was used, but this material 
was not subjected to the deformation applied by the 
large deformation apparatus of the present invention. 



Table 2 



Strain rate (1/s) 


Elongation (%) 


4 x 1 0' 2 


100 


1 x 10" 1 


130 


2x 10' 1 


148 



Table 2 (continued) 



Strain rate (1/s) 


Elongation (%) 


4x10' 1 


149 


9x 10' 1 


125 



Example 3 

[0048] Titanium alloy Ti-6A1-4V was used as the 
work material. When large deformation was applied five 
times at 650°C in a manner similar to Working Example 
1 , the average grain diameter could be reduced to about 
3 jum, yielding superplasticity. 

[0049] Thus, the large deformation apparatus of the 
present invention allows large deformation to be applied 
continuously, safely, efficiently, and productively to con- 
ventional materials devoid of superplastic characteris- 
tics, yielding materials that possess superplastic 
characteristics while preserving their initial shape. 
[0050] Whereas in conventional practice it is very 
difficult to provide castings with excellent superplastic 
characteristics or to sacrifice efficiency in achieving 
such characteristics, the large deformation apparatus of 
the present invention is very advantageous commer- 
cially because it allows large deformation to be applied 
efficiently, productively, and safely. 

Claims 

1. A large deformation apparatus for metal-based 
materials, comprising a mold A, a support mecha- 
nism B for supporting said mold A, and a rotary 
mechanism C for rotating said mold A, wherein: 

said mold A comprises a mold body 1, four 
holes 2 that pass through said mold body 1 and 
intersect in the interior thereof, and engage- 
ment means 3a for engaging said rotary mech- 
anism C, each of said holes 2 being provided 
with a punch 5 that can slide or otherwise move 
with friction in relation to each of said holes 2 
and that extends from the end face of said mold 
body 1 to the intersection of said holes 2; 
said support mechanism B comprises restraint 
plates 6a, 6b, and 6c for restraining the exter- 
nal end faces of the mold body 1 having holes 
2, and holding plates 7a and 7b for holding the 
mold body 1 ; and 

said rotary mechanism C comprises engage- 
ment means 3b for engaging said engagement 
means 3a, rotary means 8, connection means 
9 for connecting said engagement means 3b 
and said rotary means 8. 

2. A large deformation apparatus as defined in claim 
1, comprising a pushup mechanism 10 for pushing 
up the mold A. 



7 



BNSDOCID: <EP 1044741 A2_l_> 



.,13 



EP 1 044 741 A2 



A method for applying large deformation to a metal- 
based material with the aid of a large deformation 
apparatus as defined in claim 1 above by combining 
a large deformation step and a rotational step, 
wherein: 5 

a large deformation step comprises a step of 
bending a metal-based work material 1 1 inside 
intersecting holes and applying large deforma- 
tion by pushing in an indenting punch 5 that io 
can be pushed in and that is one of said 
punches 5, and slidably or frictionally moving 
an unrestrained punch 5 in the unrestrained 
state in accordance with the extent to which 
said indenting punch 5 has been pushed in; is 
a rotational step comprises a step in which said 
mold A is rotated 90 degrees by said rotary 
mechanism C, said indenting punch 5 is 
restrained and made into a restrained punch 5, 
said unrestrained punch is made into an 20 
Indenting punch 5, and one of said restrained 
punches 5 is made into an unrestrained punch 
5; and 

said large deformation step and rotation step 
are repeated alternately to repeatedly and con- 25 
tinuously perform large deformation. 

A metal-based large deformation material, which is 
subjected to large deformation by a method as 
defined in claim 3, wherein the crystal particles of 30 
the matrix constituting the metal-based material 
prior to the application of large deformation have a 
grain size of 100 pin or greater, and the crystal par- 
ticles of the matrix constituting the metal-based 
material subjected to large deformation have a 35 
grain size of 10 \xm or less. 

A metal-based large deformation material as 
defined in claim 4, wherein said metal-based mate- 
rial is an aluminum-based alloy, an aluminum- 40 
based alloy composite material in which a reinforce- 
ment is dispersed, or a titanium alloy. 
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Fig. 1 
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Fig. 4 
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Fig. 5 
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Fig. 6 
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Fig. 7 
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